Reagents and materials. Poly (sodium 4-styrene sulfonate) (PSS) with molecular weight of ~70000 and Poly (dimethyl diallyl ammonium chloride) (PDDA) with molecular weight of ~200000 were purchased from Sigma-Aldrich Company. Polyester (PET) film was purchased from Sinopharm Chemical Reagent Beijing Company. 
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Al(NO 3 ) 3 ·9H 2 O: 0.1 M) and 400 ml of solution B (NaOH: 0.15 M) were simultaneously added to a colloid mill with rotor speed of 3000 rpm and mixed for 1 min. The resulting LDH slurry was obtained via centrifugation and washed twice with deionized water and then dispersed in 400 ml of deionized water. This aqueous suspension was transferred into a stainless steel autoclave with a teflon lining. After hydrothermal treatment at 110 °C for 24 h, stable homogeneous LDH suspension with narrow size distribution was obtained.
Fabrication of the (LDH/PSS) n film and (PDDA/PSS) n film. The (LDH/PSS) n films were fabricated by layer-by-layer (LBL) assembly technique. Quartz glass, silicon wafer and PET film were used as substrates for various characterizations and tests. Quartz glass substrate was used for UV-vis spectra characterization, and silicon wafer was used for AFM and SEM characterization. All the other measurements are based on the samples on PET substrate. Prior to assembly, quartz glass and silicon wafer were first washed in The test of self-healing property. The experiment was carried out under the condition of sealed environment with relative humidity of ~85%. We have tested the self-healing property of (LDH/PSS) 20 -PVA/PET film under various humidity conditions. The selfhealing process is very slow at low humidity (below 40%), and a higher humidity leads to a faster self-healing process but a slight decrease of barrier behavior. Taking into account the atmospheric humidity range as well as the self-healing rate, we chose the humidity of ~85% as the test condition. Humidity-controlled solutions of saturated KCl was placed in a sealed chamber at 25 °C for 24 h, which achieved constant relative humidity of ~85%. 3 At first, S4 the (LDH/PSS) 20 -PVA film was cut roughly using a scalpel, which induced a ~2.8 μm wide gap on the film. Subsequently, the damaged film was placed inside the sealed chamber for investigating the self-repairing process. In a control experiment, the (LDH/PSS) 20 were collected using VAC-V2 gas transmission rate testing equipment. All permeability coefficient values were averaged from at least five separate films. 
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